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(54) SURFACE ACOUSTIC WAVE DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To make a device small in 
size and improved in performance by setting an 
electrode finger cyclic length such that it around the 
center of plural interdigital electrodes it constitute a 
resonator having a specific conductor width as to have 
different values from electrode finger cyclic length on 
both sides. 

SOLUTION: Interdigital electrodes(IDT) are formed by m^.^. 
alternately and arranging in parallel electrode fingers 103 
and 104 of positive and negative polarities on positive 
and negative supply conductors 101 and 102 with them 
crossed in the phase propagation direction of an surface 
acoustic wave on a piezoelectric substrate 100. The 
conductor width of the fingers 103 and 104 is set to 
almost 1/4 wavelength X and also an electrode finger 
cyclic length PTc which is near the center and electrode 
finger cyclic length PTs on both sides have different . 
values. That is, when the propagation coefficient of a t 
surface acoustic wave caused by the substrate 100 and 

the IDT is negative, it is of a frequency- increasing type that meets a condition PTc<PTs, and 
when a coefficient is positive, it is of a frequency-decreasing type which meets a condition 
PTc>PTs. Further, the electrode finger cyclic length PT has gradual changes according to an X 
coordinate position through prescribed rules. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the 
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2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] In the sxirface-acoustic-wave equipment which intersects perpendicularly in the 
phase propagation direction of a surface acoustic wave, forms the blind-like electrode which 
comes to carry out parallel arrangement of the positive and negative polar metallic conductor 
by turns, and is used as a resonator on piezo-electric crystal monotonous Nothing [ of the 
wavelength lambda of the surface acoustic wave which the conductor width of the electrode 
finger of the aforementioned blind like electrode uses / 1/about 4 and nothing ], and the 
aforementioned blind-like electrode Surface-acoustic-wave equipment characterized by 
having the value from which it is classified into at least three or more fields, and the cycle 
length PTc of the aforementioned electrode finger near a center differs to the aforementioned 
electrode finger cycle length PTs of the field of both sides. 

[Claim 2] When PTc and electrode finger cycle length of both sides are set to PTs, the electrode 
finger cycle length near [ aforementioned ] a center [ when the coefficient a representing the 
dispersion relation concerning propagation of the surface acoustic wave by the 
aforementioned piezo-electric crystal substrate and the aforementioned blind-like electrode is 
negative ] Surface-acoustic wave equipment according to claim 1 characterized by having 
considered as the frequency bottom-up type which fulfills the conditions of PTc<PTs, and 
considering as the frequency descent type which fulfills the conditions of PTc>PTs when the 
aforementioned coefficient a is positive. 

[Claim 3] WF(X) =COS where the aforementioned blind-like electrode has the 
positive/negative electrode finger of M pair, and the intersection width of face of an electrode 
finger takes the value of 1 in the center -- the surface -acoustic wave equipment according to 
claim 1 characterized by having weighting of (KX) and giving the value of K by K=pi/(xiM) as 
0.5< xi<0.9 

[Claim 4] Have weighting of (KX) and the value of K is set to 0.5< xi<0.9. WF(X) =COS where 
the intersection width of face of an electrode finger takes the value of 1 in the center in the 
aforementioned blind-like electrode - Surface -acoustic -wave equipment according to claim 3 
characterized by being referred to as WF=0 more than the absolute value of X which gives by 
K=pi/(xiM) and is set to aforementioned function WF(X) =COS(KX) =0. 

[Claim 5] the ratio of Above PTs and Above PTc -- the surface -acoustic* wave equipment 
according to claim 2 characterized by making PTs/PTc into the range of the ratios fRO/fTO of 1 
as mentioned above the reflective center frequency fRO at the time of considering mostly that 
the aforementioned blind-like electrode is a reflector, and the frequency of the maximum fTO 
of admittance 

[Claim 6] the ratio of Above PTc and Above PTs the surface-acoustic- wave equipment 
according to claim 2 characterized by making PTc/PTs into the range of the ratios fTO/fRO of 1 
as mentioned above the reflective center frequency fRO at the time of considering mostly that 
the aforementioned blind-like electrode is a reflector, and the frequency fTO of the maximum 
of admittance 

[Claim 7] the aforementioned piezo-electric-crystal plate is 128 degreeY cut X propagation a 
ratio with the wavelength lambda of the surface acoustic wave to the thickness H of the 
aforementioned electrode finger surface -acoustic -wave equipment according to claim 1 
characterized by having made H/lambda into 0.5 to 2% of range, and being referred to as 
PTs/PTc=l to 1.02 



[Claim 8] the aforementioned piezo electric-crystal plate is 128 degreeY cut X propagation a 
ratio with the wavelength lambda of the surface acoustic wave to the thickness H of the 
aforementioned electrode finger surface acoustic-wave equipment according to claim 1 
which makes H/lambda 4 to 6% of range, and is characterized by setting the value of 
PTc/PTs=1.008 to 1.02, and xi to 0.6 to 0.85 

[Claim 9] a ratio with the wavelength lambda of a surface acoustic wave [ as opposed to / the 
aforementioned piezo-electric-crystal plate is 128 degreeY cut X propagation, and / the 
thickness H of the aforementioned electrode jBnger ] - the surface acoustic-wave equipment 
according to claim 1 characterized by having made HAambda into 3 to 3.5% of range, having 
set up the ratio of Above PTc and Above PTs almost equally, and considering as a filter ability 
use 

[Claim 10] the logarithm of the electrode finger of the aforementioned blind Uke electrode ■ 
the surface acoustic- wave equipment according to claim 8 characterized by M considering as 
50 to 250 pairs 

[Claim 11] the aforementioned piezo-electric crystal plate is crystal a ratio with the 
wavelength lambda of the surface acoustic wave to the thickness H of the aforementioned 
electrode finger -- surface -acoustic -wave equipment according to claim 1 characterized by 
having made H/lambda into 2 to 5% of range, and being referred to as PTs/PTc=1.007 to 1.02 
[Claim 12] the logarithm of the electrode finger of the aforementioned blind Uke electrode - 
the surface-acoustic-wave equipment according to claim 11 characterized by M considering as 
100 to 300 pairs 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the resonator 
constituted using a surface acoustic wave and a resonator type filter, and the 
surface acoustic-wave equipment which realized [in / fields, such as a transversal type filter, / 
further ] the miniaturization of size. 
[0002] 

[Description of the Prior Art] The resonator and resonator type filter etc. is known as the 1st 
kind in conventional surface-acoustic-wave equipment, these become at least one blind-like 
electrode (it omits henceforth and IDT is called) from at least one pair of reflectors 
(JP,7-73177,B - JP,4-52005,B-refer to) Moreover, the example of the horizontal multiplex 
mode filter which combined the resonator of only Above IDT and this is indicated by 
JP, 58- 124 18, A. The example of an IDT type resonator which consists of composition of only 
IDT is given to JP, 6*85602, A further again. 

[0003] Moreover, as the 2nd kind of surface-acoustic-wave equipment, there is a transversal 
type filter using IDT which consists of a double division electrode (a 1/8-wave electrode) etc. 
(JP,2-45368,B). 
[0004] 

[Problem(s) to be Solved by the Invention] however, in the case of JP,7-73177,B and 
JP,4-52005,B which are the conventional technology belonging to the 1st above-mentioned 
kind The size of the propagation direction of a surface acoustic wave [ in / a resonator and 
resonator type filter / only in the part which uses a reflector ] becomes long. The technical 
problem that the miniaturization of the element required of the intermediate frequency filter 
dF filter) used for the cellular phone of the GSM method which shows development 
remarkable in recent years, or a PHS method cannot be performed occurs, moreover, with the 
technology of the so-called IDT resonator shown in conventional JP, 58- 12418, A and 
conventional JP,6-85602,A The Q value (numeric value which shows the degree of resonance 
acute) of a resonator was as small as thousands, and an equivalent-series-resistance value 
small enough was not acquired, but there was a fault that the insertion loss of a filter became 
large, 

[0005] moreover, with the conventional technology belonging to the 2nd above-mentioned kind, 
such as a transversal type filter (JP,2-45368,B), since an electrode digit was set to about 1 
micrometer and needed in general the manufacturing installation which is an expensive 
aligner etc. in manufacture when the frequency of an element becomes high with 400MHz, 
since 1/8 wave of electrode finger is used, there was a fault of becoming cost quantity 
[0006] Then, this invention solves such a trouble and the 1st purpose is achieving a 
miniaturization further, without spoiling the performance as much as possible in 
surface acoustic-wave equipments, such as a resonator and resonator type filter. Moreover, 
the electrode finger of the same quadrant wavelength width of face as a resonator is used for 
the 2nd purpose. It is and manvifacttu-ing installations, such as an expensive aligner, 

are not needed but it is in providing a commercial scene with the filter of the transversal type 
which has the performance of the same level as the former, or an IDT type by the low cost. 
[0007] 

[Means for Solving the Problem] 



(l) In the surface-acoustic-wave equipment which the elastic-wave surface equipment of this 
invention intersects perpendicularly in the phase propagation direction of a surface acoustic 
wave, forms the blind-like electrode which comes to carry out parallel arrangement of the 
positive and negative polar metallic conductor by turns on piezo electric-crystal monotonous, 
and is used as a resonator Nothing [ of the wavelength lambda of the surface acoustic wave 
which the conductor width of the electrode finger of the aforementioned bhnd-Uke electrode 
uses / 1/about 4 and nothing ], and the aforementioned blind-like electrode It is characterized 
by having the value from which it is classified into at least three or more fields, and the 
aforementioned electrode finger cycle length PTc near a center differs to the aforementioned 
electrode finger cycle length PTs of the field of both sides. 

[0008] (2) In the above (l), when the coefficient a representing the dispersion relation 
concerning propagation of the surface acoustic wave by the aforementioned 
piezo-electric-crystal substrate and the blind-like electrode is negative, it considers as the 
frequency bottom-up type which fulfills the conditions of PTc<PTs, and when the 
aforementioned coefficient a is positive, it is characterized by considering as the frequency 
descent type which fulfills the conditions of PTc>PTs. 

[0009] (3) It is characterized by giving by K=pi/(xiM), having weighting of the above (WF(X) 
=COS(KX to which a blind -like electrode has M pairs of positive/negative electrode fingers, 
and the intersection width of face of an electrode finger takes the value of 1 in the center in l)), 
and using the value of K as 0.5< xi<0.9. 

[0010] (4) Have weighting of the above (WF(X) =COS(KX to which the intersection width of 
face of an electrode finger takes the value of 1 in the center in the blind like electrode of l)), 
and set the value of K to 0.5< xi<0.9. It is characterized by being referred to as WF=0 more 
than the absolute value of X which gives by K=pi/(xiM) and is set to aforementioned function 
WF(X) =COS(KX) =0. 

[0011] (5) the above (2) setting the ratio Of Above PTs and Above PTc -- it is characterized 
by making PTs/PTc into the range of the ratios fRO/fTO of 1 as mentioned above the reflective 
center frequency fRO at the time of considering mostly that the aforementioned blind-like 
electrode is a reflector, and the fi-equency of the maximum fTO of admittance 
[0012] (6) the above (2) setting the ratio Of Above PTc and Above PTs -- it is characterized 
by making PTc/PTs into the range of the ratios fTO/fRO of 1 as mentioned above the reflective 
center frequency fRO at the time of considering mostly that the aforementioned blind-like 
electrode is a reflector, and the firequency fTO of the maximum of admittance 
[0013] (7) a ratio with the wavelength lambda of a surface acoustic wave [ as opposed to / in 
the above (l), a piezo electric-crystal plate is 128 degreeY cut X propagation, and / the 
thickness H of the aforementioned electrode finger ] -- it is characterized by having made 
mambda into 0.5 to 2% of range, and setting PTs/PTc to 1 to 1.02 

[0014] (8) a ratio with the wavelength lambda of a surface acoustic wave [ as opposed to / in 
the above (l), a piezo-electric-crystal plate is 128 degreeY cut X propagation, and / the 
thickness H of the aforementioned electrode finger ] -- it is characterized by having made 
H/lambda into 4 to 6% of range, and setting the value of PTc/PTs=1.008 to 1.02, and xi to 0.6 
to 0.85 

[0015] (9) a ratio with the wavelength lambda of a surface acoustic wave [ as opposed to / in 
the above (l), a piezo-electric-crystal plate is 128 degreeY cut X propagation, and / the 
thickness H of the aforementioned electrode finger ] - it is characterized by having made 
H/lambda into 3 to 3.5% of range, having set up Above PTc and Above PTs almost equally, and 
making them into a filter ability use 

[0016] (10) the above (8) setting the logarithm of the electrode finger of a blind-like 

electrode - it is characterized by M considering as 50 to 250 pairs 

[0017] (11) in the above (l), a piezo electric-crystal substrate is crystal a ratio with the 
wavelength lambda of the surface acoustic wave to the thickness H of the aforementioned 
electrode finger - it is characterized by having made H/lambda into 2 to 5% of range, and 
setting PTs/PTc to 1.007 to 1.02 

[0018] (12) the above (11) - setting the logarithm of the electrode finger of a blind-Uke 
electrode -- it is characterized by making M into 100 to 300 pairs 



[0019] 

[Embodiments of the Invention] Hereafter, order is explained for the gestalt of operation of 
this invention later on from drawing 1 . 

[0020] (Example l) Drawing 1 is the gestalt of the 1 operation which expressed with the plan 
the electrode pattern used for the surface*acoustic-wave equipment of this invention, the 
name of each part grade in drawing 1 ■- 100 a piezo-electric-crystal plate and 101 electric 
supply of straight polarity a conductor 102 electric supply of negative polarity - a 
conductor, and 103 and 104 grades -■ the electrode finger of IDT, and each electric supply - 
105 and 106 linked to conductors 101 and 102 - the pad for an external flow - The parting 
line from which 107,108,109 and 110 grades make IDT electrode finger intersection 
width of-face W (X), and 111 are Y axes which are the directions which intersect 
perpendicularly with the X-axis of 112, and 112 is the X-axis which shows the phase 
propagation direction of a surface acoustic wave. The piezo electric-crystal plate of 100 
consists of what carried out mirror polishing of the front face of the single crystal which has 
piezoelectric [, such as crystal, a hthium tantalate, and a lithium niobate, ], a substrate which 
formed piezoelectric thin films, such as ZnO, further. After carrying out thin film formation of 
the metal membrane which has the conductivity of aluminum, gold, etc. by meanses, such as 
vacuum evaporationo and a spatter, pattern formation of the conductor patterns, such as IDT 
formed on above 100, is carried out with photolithography technology, and they are made. 
Above IDT electric supply of straight polarity electric supply of a conductor 101 and 
negative polarity -- although it consists of electrode finger 104 grades of a conductor 102, the 
electrode finger 103 of straight polarity linked to these, and negative polarity, the electrode 
**** intersects perpendicularly to the phase travelling direction (longitudinal direction 
X-axis) of the surface acoustic waves (the Rayleigh wave or Leakey wave) to be used, and is 
arranged in parallel and periodically [ much ] By the parting lines 107 and 110 of Above IDT, 
the intersection width of face of the electrode finger of straight polarity and negative polarity 
is made with zero. Moreover, W (X) whose IDT parting line of 108 and 109 is a width-of-face 
size which the electrode finger of a positive electrode and a negative electrode intersects has 
weighting of COS(KX). The electrode finger cycle length PT (X) which constitutes Above IDT 
has given stairway-change an X coordinate position under the specific rule in drawing 2 
mentioned later further again. 

[0021] (Example 2) Below, other examples of this invention are used for drawing 2 , and it 
shows the example of a concrete setting of the electrode finger cycle length PT in 
above-mentioned drawing 1 (X). The range by which 200 was surrounded for the name of each 
part grade in drawing by the piezo-electric-crystal plate and the dotted line of 201 is an IDT 
type SAW resonator, and 202 and 209 are the pads for external connection. The field where 
electrode finger intersection width of face is the field of zero, and the field surrounded with 
the dashed line of 203 and 204 is shown with the dashed line of 214 is a field which has 
uniform electrode finger intersection width of face. 205 and 206 grades - an electrode finger, 
and 207 and 208 grades -- electric supply it is a conductor Naming the stair-like function FP 
of 212 (X) the frequency potential function which determines the electrode finger length of 
Above IDT, curvilinear [ of 213 ] V (X) is oscillating displacement function obtained in the 
example of drawing 2 . 

[0022] The frequency potential function FP of the above 212 (X) is determined by the kind and 
the quality of the material of the piezo-electric-crystal plate 200. In the case of the example of 
drawing 2 , it is a setup in a case like a crystal ST cut-X propagation substrate, and the cycle 
length PT of an electrode finger (X) is short set up stair -like like the center of the X-axis. The 
aforementioned PT (X) is set up by the following formula (l) considering VS as a speed of a 
surface acoustic wave in case there is no aluminum film. 
[0023] 

[Equation l] 

(l + FP (X) ) f RO=Vs/ (2 • PT (X) ) (1) 

[0024] the electrode finger which connects between 209 with the positive/negative electrode 
pad 202 too hastily, and is produced in the IDT type SAW resonator of the drawing 2 



configuration produced when frequency fRO used as the criteria in a formula (l) is set to 
aforementioned PT(X) =PTO (fixed) - a conductor it is the center firequency of the reflection 
property which a group makes 

[0025] Above FP (X) has the dimension of frequency rate of change. 

[0026] Moreover, the frequency given by formula fi =VS/(2 and PTi (X)) is used for zetai (i=0-3) 
expressed with the frequency rate of change in drawing 2 , and it is [0027]. 
[Equation 2] 

Ci == (f-f RO) /f RO 

(2) 

[00281 It is come out and given, zeta 0 corresponds to the frequency fO in case there is no 
aluminum film especially it is given by fO= VS/(2 and PTO) Oscillating displacement V (X) 
obtained by FP (X) of drawing 2 had the variation rate of the shape of a cosine function 
(COS(KX)) which serves as the maximum in the center of an IDT type resonator mostly, and 
the so-called vibrational-energy ****** phenomenon has reahzed it about X shaft orientations. 
The reason which this phenomenon generates is explained using following drawing 3 . 
,[0029] drawing 3 setting -- 300 and 301 -- electric supply a conductor, and 305 and 306 
grades the electrode finger of IDT The IDT field where the field surrounded by the line of 
302 has the cycle length PT 1 (=Ln-l+Sn-l) of the 1st electrode finger, 303 is the cycle length 
PT 2 (=Ln+Sn) of the 2nd electrode finger similarly The IDT field which it has, and 304 are 
IDT fields which have the cycle length PT 3 (=Ln+l+Sn+l) of the 3rd electrode finger. 
Moreover, omegal, omega2, omega3 which were indicated all over drawing It is the thing of 
the admittance property which corresponding IDT of a field has mostly called the angular 
frequency (omega0=2pifr0) or the Bragg frequency of the maximum point. Moreover, drawing 
of the inside surrounded by the frame describes the wave number dispersion curve which each 
above IDT has, and this property is illustrated as the wave number K of vibration-ampUtude 
[ of a surface acoustic wave ] V (X) from which an angular-frequency omega=2pif shaft makes 
a vertical axis, and it makes a horizontal axis. Moreover, the left half plane of drawing 3 
expresses the imaginary part of K, and the right half plane expresses the real part of K. The 
wave number dispersion curve of 307 is the thing of the IDT field 302, and 308 is the thing of 
the IDT field of 304. The aforementioned dispersion curve can be approximated in general by 
the following formula (3). 
[0030] 

[Equation 3] 

« / « 0 = 1 + a r ^ 
(3) 

[00311 Here, it is the standardization wave number to which the aforementioned Bragg 
frequency and a can give omega 0 to by the coefficient, and gamma is given on the wavelength 
lambda of a surface acoustic wave in Above K and which carried out wave number kO (=2 
pi/lambda) standardization (gamma=K / kO). Curves 307 anda are the cases where 308 are 
negative. It is added that a coefficient a is determined according to the kind of the kind of 
substrate, a direction, and surface acoustic wave. The surface acoustic wave in the state 
where a wave number dispersion curve takes an imaginary number value is reflected without 
the ability spreading, and the surface acoustic wave which has the wave number of the real 
number on the contrary can be spread. In the central IDT field 303, although the surface 
acoustic wave which has the angular frequency of omega 2 is emitted to the both sides of the 
X-axis, since it has the wave number K2 (real number) of 307 dispersion ciirves [P2 ], the 
state of the surface acoustic wave which advanced to the IDT302 side first can be spread. The 
surface acoustic wave which advanced to the right-hand side field of IDT304 on the other 
hand is reflected without the ability spreading, in order to take the wave number Kl 
(imaginary number) of 308 dispersion curve [PI ]. Therefore, the aforementioned coefficient a 
is negative and the frequency setting state of IDT what can be said from the above 
omegal>omega2> omega 3 When it has a relation, a surface acoustic wave is reflected in the 
right direction of the X-axis, without the ability spreading, I hear that the amplitude is 
decreased and there is. further -- this -- pushing omega l<omega 2> omegaS if a relation is 
made, a surface acoustic wave wiU be confined in the central IDT field which has the angular 



frequency of omega 2 - ******** £13 in above-mentioned drawing 2 vibration of V (X) a 
variation rate will be realized The above omegal, omega2, and omega3 is omegal=2pifri, 
omega2=2pifr2, and omega3=2pifr3. It can set and can be made to correspond with zeta2, 
zetal, and zeta2 in order due to a formula (2). 

[0032] Next drawing 4 is used and it is 128-degreeY-XLiNb03 as an example of the 
piezo-electric-crystal plate in drawing 1 and drawing 2 . The construction of the 
surface acoustic-wave equipment of this invention is explained using the example of a 
substrate. As for IDT of drawing 4 , the electrode digit L consists of length of quadrant 
wavelength (lambda/4). 

[0033] the horizontal axis of drawing 4 - an aluminum electrode layer -- thick ■- the ratio of 
the wavelength lambda of the surface acoustic wave to H - it is H/lambda and the vertical 
axis shows frequency rate -of change deltaf/f per ppm The curve 400 is displayed by frequency 
rate of change by making into a reference value 0 frequency fO= VS/(2 and PTO) in case there 
is no aluminum film about the frequency fTO of the admittance maximum point which Above 
IDT has. A curve 401 is electrode finger thickness ratio H/lambda of the center frequency fRO 
of the reflection property which Above IDT has. The dependency is illustrated. 402 is what 
was taken and drawn so that the delta frequency of 402 and 401 may become equal to the 
delta frequency of 401 and 400, and the field across which it faced by 400 and 402 expresses, 
the reflective field, i.e., the stop band, of a surface acoustic wave. It crosses in about 
H/lambda= 3.2, the aforementioned stop band has disappeared in this state, and curves 400 
and 401 spread a surface acoustic wave, without being reflected. Therefore, in the conditions 
of this thickness ratio, an electrode digit L can realize [ the composition of the filter which is a 
****** element ] reflection of a transversal type, an IDT type, and that surface acoustic wave 
by 1/about 4 wave (lambda/4) of length. H/Iambda of a reflection coefficient is sufficiently 
small effective in efficiency in the range which is about 3 • 3.5%. If HAambda sets to 3.2 or less 
field, it is frO<fRO. Being in a state, the surface acoustic wave of this field serves as the 
property of the dispersion ciirves 403 and 404 illustrated in piles all over drawing, and shows 
a frequency bottom-up type ****** state as the so-called example of above-mentioned drawing 
2 . It is reverse. If H/lambda sets to 3.2 or more fields, it is fTO>fRO. Being in a state, the 
surface acoustic wave of this field serves as the property of the dispersion curves 405 and 406 
illustrated in piles all over drawing, and the example of above-mentioned drawing 2 shows 
the so-called frequency descent type ****** state of a reverse property. If it collects, the 
example of above-mentioned drawing 2 corresponds to above eye frequency bottom-up type 
******. It is the construction corresponding to the field not more than H/lambda <3.2 of 
drawing 4 . H/lambda> In the case of 3.2, if zeta 1 to zeta 3 of drawing 2 is set up as negative, 
a frequency descent type energy ****** state can be constituted, vibration of the elastic 
surface equipment of this invention obtained by next doing in this way a variation rate 
drawing 5 explains a state 

[0034] The horizontal axis 504 of drawing 5 expresses the X coordinate of 
surface-acoustic- wave equipment to the square of vibrational-energy E(X) (oscillating 
displacement- amplitude U of an element, and a vertical axis 503 expresses proportionality). 
The curves 500*502 in drawing are functions which show the vibrational-energy distribution 
according to condition. IDT201 of drawing 2 of the above-mentioned [ the thing used as the 
aforementioned conditions ] trichotomizing - the amount P of frequency elevation of IDT of 
the center (frequency potential) -- aforementioned |fT0-fR0 I =eta -- a unit - carrying out 
the case of 500 ■-?=-- the case of Oeta and 501 - P= in the case of 0.8eta and 502, it is the 
case where it sets up with P=1.2eta When P is not zero, it turns out to the amount 0 of 
frequency elevation that the main degree of concentration of vibrational energy is increasing, 
as this drawing shows. 

[0035] What expressed this phenomenon still more intelligibly is the property view ( drawing 
6 ) showing the Q value of the resonator which is surface -acoustic- wave equipment of drawing 
2 . As everyone knows, the Q value of a resonator expresses the grade of the energy loss of a 
resonator, and it is a good resonator with little loss, so that Q is large. The horizontal axis of 
drawing 6 is the aforementioned amount P of frequency elevation of Center IDT, and the 
vertical axis is expressed on the basis of resonator Q value QO in P= 0. It turns out as eta= 



8000 ppm that about 4 times as many Q value as this is obtained at the time of P=1.2eta. a 
ratio with the wavelength lambda of a surface acoustic wave [ as opposed to / value / concrete / 
of the above P with which the Q value elevation effect is accepted ] the thickness H of the 
aforementioned electrode finger in the case of a crystal ST cut X propagation direction / - 
H/lambda - 2 to 5% of range ■ carrying out - 7000-20000 ppm ■ ****** (the ratio which are 
the central electrode finger cycle length PTc and the electrode finger cycle length PTs of both 
sides at this time is PTS/PTc= 1.007- 1.02) 128-degreeY-XLiNb03 a ratio with the wavelength 
lambda of a surface acoustic wave [ as opposed to the thickness H of the aforementioned 
electrode finger in the case of a substrate ] - HAambda was made into 4 to 6% of range, and it 
was 8000-20000 ppm (the ratio of the central electrode finger cycle length PTc and the 
electrode finger cycle length PTs of both sides is PTc/PTs=l. 008- 1.02 at this time) furthermore, 
a piezo-electric-crystal plate is 128 degree Y cut X propagation a ratio with the wavelength 
lambda of the surface acoustic wave to the thickness H of the aforementioned electrode finger 
- HAambda is made into 0.5 to 2% of range, and improvement in Q value can be realized also 
as PTs/PTc=l to 1.02 The logarithm of the positive/negative electrode finger used for Above 
IDT is 128-degreeY-XLiNb03. In the case of a substrate, the ranges of the case of 50-250 pairs 
and a crystal ST cut X propagation direction are 100 to 300 pairs. 

[0036] Below, the unnecessary resonance generated to the surface- acoustic- wave equipment of 
this invention, i.e., the suppression means about spurious one, is explained. Above-mentioned 
128-degreeY-XLiNb03 as an example The example of a substrate is taken and it explains. In 
the aforementioned substrate, if electrode thickness ratio H/lambda is set as 0.05 and a 
frequency descent tj^e energy ****** type resonator is constituted, it will generate spurious 
one by vertical in harmonic mode to the SO mode up side which is the main resonance mode. 
This situation is shown in drawing 8 , The mode of 804 and 805 displayed by the dotted line in 
drawing is spurious. 802 is the aforementioned main resonance mode and 803 is 
antiresonance mode. 

[0037] Then, in order to oppress spurious one of this, it is drawing 7 which considered 
weighting function WF(X) =COS(KX) to the electrode finger intersection width of face of 
Above IDT (refer to drawing 1 ), called the above xi at the time of giving a setup of Above K by 
K=pi/(xiM) weighting length ratio, and illustrated the relation of amount of phase change 
deltaphi of the impedance of the resonator by the spurious resonance to xi. It means that 
amount of phase change deltaphi had performed spurious suppression, so that deltaphi is 
small, since the generating intensity in spurious mode is expressed. It is the coordinate of X (= 
x/lambda) shaft orientations standardized on the wavelength lambda of the aforementioned X 
wave surface acoustic wave. The curve 700 of drawing 7 was the case of the amount P= 0 of 
frequency elevation, xi= 0.8 was the minimum value at this time, when it was a curve 701, it 
was aforementioned P=0.8eta, and 0.65 was the minimum value at this time. 702 was the 
case of P=1.2eta and the minimum value at this time was 0.5. 

[0038] Therefore, 128-degreeY-XLiNb03 In the case of a substrate, it can oppress spurious 
one in the conditions of P= 0 to 1.2 to the range of xi= 0.5 to 0.9. The almost same inclination 
was shown also about other substrate directions. 
[0039] 

[Effect of the Invention] As stated above, according to this invention, not using a reflector, a 
resonator is constituted only from IDT. The property of the piezo electric substrate which uses 
the electrode finger cycle length of IDT which divided Above IDT into plurality, and also was 
each divided By corresponding to a frequency bottom-up type or a frequency descent type, and 
setting up fi-equency potential so that the vibrational energy of a resonator may be 
concentrated and shut up in the center There is nothing to the former, it is small, and the IDT 
type resonator which was excellent in the performance, and since a width and vertical 
multiplex-mode type resonator type filter is reahzable using this, it can contribute to the 
miniaturization of carried t3^e communication devices, such as PHS, GSM, etc. as which a 
miniaturization is required further, VCSO, etc. Moreover, when it becomes possible to oppress 
spurious one which consists of a vertical in harmonic mode group by making K of 
cosine-fimction COS(KX) proper and performing electrode finger weighting of Above IDT and 
the surface -acoustic- wave equipment of this invention is used for a filter etc., the damping 



property which was excellent, without being blocked by aforementioned spurious one can be 
acquired. 

[0040] It is 128 degreeY-XLiNb03 further again. In a substrate, since an electrode digit L can 
reahze the state where reflection of a surface acoustic wave does not occur on quadrant 
wavelength, either, by setting up thickness ratio H/lambda of an electrode finger with about 
0.032, even if it does not use advanced processing equipment, a hundreds of MHz SAW filter 
can be realized, reduction of element cost is attained, and great profits can be expected from 
now on. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely, 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll The plan showing one example of the surface-acousticwave equipment of this 
invention. 

[Drawing 2l Drawing which other examples of this invention show. 

[Drawing 3l The conceptual diagram which explains the principle of operation of the 
surface-acoustic-wave equipment of this invention. 

[Drawing 4l The property view of a piezo-electric-crystal plate which one example of this 
invention shows. 

[Drawing 5l The property view which drawing 1 and drawing 2 of this invention have. 
[Drawing 61 The property view which drawing 1 and drawing 2 of this invention have. 
[Drawing 7l The property view which drawing 1 of this invention has. 
[Drawing 8l Other property views which drawing 1 of this invention shows. 
[Description of Notations] 

100 Piezo-Electric-Crystal Plate 

101 Electric Supply of Positive Electrode - Conductor 

102 Electric Supply of Negative Electrode " Conductor 

103 Electrode Finger of Positive Electrode 

104 Electrode Finger of Negative Electrode 
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